The present study was conducted to clarify the relationship between calpain (EC 3. 4.22. 17) and muscle protein degradation system using Japanese quail. The fractional rates of muscle protein degradation (Kd) were determined by the Nz-methylhistidine methods, and both of calpain and calpastatin were separated by DEAE-Sephacel and Phenyl-Sepharose column chromatography, and measured their activities with alkali denatured casein as a substrate.
Introduction
The accumulation rate of muscle protein is specified by the balance between two antagonistic processes, myofibrillar protein synthesis and degradation.
In the systems of myofibrillar protein degradation, it is well known that endogenous proteolytic enzyme activities are associated with the degradation (GoLL et al., 1989) .
Calpain (EC 3.4.22. 17 ) is one of the typical endopeptidase specifically cleaves the cytoskeletal structure or myofibrillar proteins. The Z-line in the myofibril is very susceptible to digestion by this protease (BuscH et al., 1972; GoLL et al., 1989) . The activity of calpain is absolutely dependent on the presence of Ca2+ (SuzuKI et al., 1987 ).
An endogenous inhibitor known as calpastatin was also identified (IsHIURA et al., 1980) . However, the regulation of the activity of calpain which is controlled by calpain/ calpastatin interaction in vivo have not been identified (GoLL et al., 1989 Table 3 . shows summary of results of these regression models. Consider the overall F statistic, the equation 4 shows much higher than the values for other models. On the contrary, the R-square value show higher in the order of equations 7, 6, 5, 4, 2, 3, and 1.
The response surface for variable Y of three equations is given in Table 4 . For a given variable in given model, the significant associated partial F statistic were assessed the contribution made by the variable of equation 2, 3, and 4.
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Discussion
The objective of the present study was to investigate the relationships among the fractional rate of muscle protein degradation (Kd), skeletal muscle calpain activity, and calpastatin activity.
The correlation coefficient between Kd and calpain activity was positive. On the contrary, the correlation coefficient between Kd and calpastatin activity was negative.
The correlation coefficient between calpain activity and calpastatin activity was negative.
Moreover, all combination of observed correlation coefficients were statistically significant.
In the multiple regression analysis, linear effects of calpain and calpastatin activities to Kd were showed significantly.
However, quadratic and crossproduct terms for both calpain and calpastatin activities had no significant partial F statistic. These results implied that the independent effect of calpain or calpastatin activities on Kd were more important than interaction effect of calpain and calpastatin activities. Therefore, we chose the linear model (equation 4). The standardized partial regression coefficient of calpain activity for Kd was shown to be higher than those of calpastatin activity.
These results suggested that calpain activity in the skeletal muscle has very important effect on Kd, and calpastatin activity in the skeletal muscle also has relatively important effect on Kd. Although, calpain activity has negative correlation with calpastatin activity, it seems that calpain activity may be regulated by another factor such as Ca2+ concentration rather than calpastatin activity, in vivo. Further information on the cellular mechanisms of calpain and calpastatin relative to each other and on possible regulation of the calpain/calpastatin interaction would be important to understand how activity of the calpain is controlled in vivo and how this control might be modified to alter the rate of muscle protein degradation.
The present studies about calpain activity and growth have demonstrated that calpain and calpastatin activities affect the rate of muscle protein turnover and muscle growth. JoHARI et al. (1994) showed that negative correlation exist between growth rate and calpain activity in chickens.
However, HIGGINS et al. (1988) reported that calpain activity and muscle growth had no direct relationships in sheep, except when protein accretion was stimulated by nutritional factor. Additionally, MAEDA et al.
(1991) illustrated that the skeletal muscle calpain activities of the Japanese quail varied according to the lines selected for body weight. JOHARI et al. (1994) also demonstrated that calpain and calpastatin activities in skeletal muscle varied among breeds which have different rate of muscle production.
These findings suggest that the genetic variation of calpain activity leads the variation of muscle protein degradation. It is possible that if we can control calpain activity, we can also control muscle protein degradation, hence growth rate in livestock breeding.
